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CROSS-REFERENCE TO RELATED APPLICATIONS 
[00011 This application claims the benefit of U.S. Provisional Application No. 60/422,331, 
filed October 30, 2002 and entitled OPTICAL TRANSCEIVERS PORT, which is hereby 
incorporated by reference. 

R ArKGROUND OF THE INVENTION 

The Field of the Invention 
[0002] The present invention relates to optical transceivers. More particularly, the present 
invention relates to small form factor optical transceivers that couple light by defocusing the 
image in order to reduce or eliminate reflections back to the light source while still efficiently 
coupling the Ught. 



Background and Relevant Art 
[00031 Fiber optic networks often include a transmission side and a receiver side. On the 
transmission side, it is important that the light be efficiently coupled into the transmission fiber 
in order to achieve adequate transmission power with minimum laser output strength. On the 
receiver side, it is important to efficiently image the fiber output onto detectors with adequate 
margin for error. This is particularly true as the size of detectors decreases, often for cost 



reasons. 



[0004] Effective coupling of the light into the fiber on the transmission side and effective 
coupling of the fiber output to a detector on the receiver side is often achieved through the use 
of small fonn factor optical transceivers or coupling elements that are often referred to as ports. 
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Ports are also used for other purposes, such as coupHng the output of an optical fiber to another 
optical fiber. Ports, which are often formed fi-om ball lenses that are pressure fit to a housing 
body, are used because they are small and can typically be mass produced. 
[00051 Optical transceivers or ports thus play an important role in optical networks. As the 
size of tiie optical ports decreases, attempts have been made to produce molded ports that 
incorporate the optical aspect or lens of the port into tiie molded design. This has proven to be 
a difficult task for several reasons. The molding process needs to support the integrity of tiie 
optical aspects of the port and the optical design of tiie port is typically limited by the 
mechanical limitations of tiie molding process. 

[0006] hi order to address these constraints, ports have been formed that assign optical 
power to each surface of tiie port lens. When the optical power of tiie port lens is divided 
between two surfaces, both making and designing tiie port become more difficult for several 
reasons. The surface accuracy of each surface, for instance, must be analyzed. Also, any 
positional error between the two surfaces of tiie port lens reduces tiie performance of tiie port 
lens due to aberrations tiiat are caused by tiie positional error. In otiier words, it is more 
difficult to mold a port whose optical power is divided across two lens surfaces because tiiere 
are more factors ttiat can reduce tiie overall performance of tiie port. 

[0007] Some optical transceivers incorporate ball lenses into tiieir design. When tiie 
numerical aperture of tiie source Ught is low, a ball lens is usually able to couple tiie Ught 
effectively. Unfortunately, many light sources often generate most of tiie power into tiie higher 
angle Ught rays whose numerical aperture is higher tiian what tiie ball lens can effectively 
couple. The higher angle light rays are tiius highly aberrated and are not effectively coupled by 
ban lenses, and baU lenses are unable to properly focus tiie higher angle light rays on an optical 
fiber or otiier light receiver. 
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0008] Another problem with optical transceivers or ports is related to light reflections that 
interfere with the light source. When light rays from a light source are focused, for example, 
on an optical fiber, the image formed on the optical fiber is reflected back through the port lens 
to the light source. The reflection of light back into the Ught source may interfere with the data 
that is being transmitted over the optical network and may reduced the efficiency of both the 
ight source and the lens. If the light source is an optical fiber, then the reflections may be 
transmitted back through the optical network. 
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.piEEMlMMARV OFTHF INVENTION 
,00091 These and other problems and limitations are overcome by the present invention 
which relates to a small form factor optical transceiver or pon. In one example of tite present 
invention, a lens is integrated into the port such that tire port or optical transceiver is a single 
molded optical element THe lens of the port has two snrftces: a focusing surface and a flat 
surface. The optical power of the lens is typically located in the focusing surfece of the lens. 
This eliminates errors that are introduced when Ure optical power of a lens U divided between 
two surfaces and flie surfaces are not positioned correctly wifl, respect to each ottier. 
lOOlO] The focusing surface of ttte lens is usually placed within ti,e body of the port and 
supports correct mastication of the light source. The oti>er lens surface is essentially flat and 
«,e space between tite flat surftce and the focusing surface is often filled witi, moldtng 
material. The flat surface is configured to be placed near the image position (on an optical 
fiber, tor example) such fl»t any tilt of tire flat lens surface is minimized with respect to the 
image size. 

,00111 Tte present invention may be used, for example, to couple multimode vertical cavity 
surface emitting lasers (VCSEU) witi, optical fibers. The. VCSELs often produce power in 
the higher angle light rays tita. are emitted fiom the VCSEL and the lens of tire port must be 
able to efficienfly couple tite hi^ angle rays to ttte optical fiber in order to effectively couple 
the light. However, the image of the source can be reflected back to the source and tire 
reflection of tire Ught source can interfere with tire ttansmission of data in the optical ne^vork 
and is undesirable. The present invention introduces aberrations such fl>at the image is 
defocused wifltout sacrificing the ability of ttte port to effectively couple ttte light. 
,00121 The present invention titus relates to a lens thai has built in aberration witttout 
sigmficantly impacting the ability of flte lens to function as an optical transceiver. The lens, m 
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accordance with the pres»,t invention, is thus able to couple a source with a receiver where Ure 
numerical apertt>re of the source is higher than the numerical aperture of the receiver. It is not 
necessary, however, that .he numerical aperture of the receiver be lower than the numerical 
aperture of the hght source. 

100131 Additional features and advantages of the invention will be set forth in the 
description which follows, and in part will be obvious from the description, or may be learned 
by the practice of the invention. Tlie features and advantages of the invention may be realized 
and obtained by means of the instruments and combinations particularly pointed out in the 
appended claims. These and other features of the present invention will become more fully 
apparent from the following description and appended claims, or may be learned by the 
practice of the invention as set forth hereinafter. 
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RIIIFF nKSCRIPTION OF THE DRAWINGS 
[00141 In order to describe the manner in which the above-recited and other advantages and 
features of the invention can be obtained, a more particular description of the invention briefly 
described above will be rendered by reference to specific embodiments thereof which are 
illustrated in the appended drawings. Understanding that these drawings depict only typical 
embodiments of the invention and are not therefore to be considered to be limiting of its scope, 
the invention will be described and explained with additional specificity and detail through the 
use of the accompanying drawings in which: 

[00151 Figure 1 is a perspective illustration of a vertical cavity surface emitting laser and 
illustrates the numerical aperture of the high angle light rays that are emitted from the surface 
of the vertical cavity surface emitting laser; 

[0016] Figure 2 is a plot that correlates the angle of a light ray with the intensity of the light 

ray and illustrates that the most intense light rays are the high angle light rays; 

[0017] Figure 3 is a cross sectional view of an optical transceiver or port that incorporates a 

lens; 

[0018] Figure 4 illustrates a source whose high angle rays are coupled to an optical fiber 
using a lens that has optical power in a single lens surface; 
[00191 Figure 5 A illustrates points of hght fi:om a Ught source; 

[00201 Figure 5B illustrates the image or spot size of the points on an optical fiber of light 
points that are illustrated in Figure 5 A; 
[00211 Figure 6 illustrates a lens; and 
[0022] Figure 7 plots the ability of a lens to couple Ught. 
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i^rx All Fn DESCRIPTION nF THK PREFFRRFD EMBODIMENTS 
[0023] As used herein, a "light source" or "source" refers to optical elements or devices that 
emit light or light signals. Exemplary optical elements include, but are not limited to, lasers 
(vertical cavity surface emitting lasers (VCSELs), edge emitting lasers, and the like), ports, 
optical fibers, other optical transceivers and the like or any combination thereof. As used 
herein, a "Ught receiver" or "receiver" refers to optical elements that receive light or that are 
coupled to light sources. Exemplary receivers include, but are not limited to, ports, optical 
fibers, detectors, lenses, other optical transceivers and the like or any combination thereof. A 
light source is often coupled to a receiver using an optical transceiver or port that, in 
accordance with the present invention, incorporates a lens. This includes, but is not limited to, 
using a port or lens to couple a laser Ught source to an optical fiber, couple the output of one 
optical fiber to the input of another optical fiber, couple the output of an optical fiber to a 
detector, and the like or any combination thereof 

[0024] Optical transceivers typically use ball lenses to couple light fi-om a source, such as a 
VCSEL. to a receiver such as an optical fiber. As previously described, however, ball lenses 
are unable to efficiently couple light in some instances because most of the power emitted by 
the VCSEL is located in the high angle rays that are emitted fi:om the VCSEL that the ball lens 
cannot properly focus on the receiver. The present invention relates to an optical transceiver or 
port that includes or incorporates a lens that is able to couple high angle rays firom a source to a 
receiver. The present invention also introduces designed aberrations such that the image is 
slightly defocused in order to reduce or eliminate reflections back into the source while still 
coupling the source to the receiver. 

100251 Figure 1 is a block diagram that illustrates a VCSEL, which is one example of a multi 
mode light source. It is understood that the present invention is not limited to VCSELs as Ught 
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sources and that other light sources, such as edge emitting lasers can be used. Although the 
operation of a VCSEL and other light sources is known in the art. the operation of a VCSEL is 
presented for clarity. In a VCSEL 100, the laser light 104 emerges from a surface 101 of the 
VCSEL 100. The light 104 is emitted at various angles that is often dependent on the current 
that is applied to the VCSEL 100. Accordingly, some of the rays emitted by the VCSEL 100 
have more power than other rays emitted by the VCSEL 100. The angle 105 corresponds to the 
numerical aperture of the VCSEL 100. The numerical aperture can thus be used to identify the 
angles of the light rays that have the most power. When the power of the light is carried in the 
high angle rays, it is necessary to effectively couple the high angle rays to the receiver. 
[00261 Figure 2 further explains the relationship between the power contained in the rays 
emitted by the VCSEL 100 and the angle at which the rays are emitted from the VCSEL 100. 
Figure 2 illustrates the far field effect of a VCSEL, and a graph 200 plots the degrees with 
which rays leave the VCSEL against the relative intensity of those rays. In this example, the 
point 204 has lower intensity that the point 202. Hie rays that correspond to the point 204 are 
low angle rays while the rays that correspond to the point 202 are high angle rays. In other 
words, the numerical aperture of the rays represented by the point 202 is greater than the 
numerical aperture of the rays represented by the point 204. Extending the graph to three 
dimensions, the far field plot of the VCSEL 100 thus has a doughnut shape and the power is 
concentrated in the larger or higher angle rays emitted from the VCSEL 100. Efficiently 
coupling a VCSEL or other light source that has a similar far field pattern requires that the 
higher angles be coupled to the fiber. An optical element such as a lens that is incorporated 
into a port should be able to couple the high angle rays of the light source in order to achieve 
efficient coupling of the source to the receiver. 
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[00271 Figure 3 illustrates an optical transceiver or port in accordance with the present 
invention and more particularly illustrates a cross sectional view of an exemplary small form 
factor optical transceiver or port. The port 300 is molded from plastic or other suitable material 
and incorporates a lens 304, as indicated by the dashed box, as an integral part of the molded 
port 300. The lens 304 of the port 100 includes a lens surface 306 and the lens 304 has a 
thickness 305. The lens 304 is embedded inside of the lens access 310 of the port 300. The 
lens surface 306 is the surface of the lens 304 that has optical power. The lens surface 301 is 
typically flat and does not have optical power. 

[00281 Because the optical power of the lens is concentrated in a single lens surface, the 
design tolerances with which the lens should comply are reduced. If the lens 304 of the port 
300 has optical power in both the lens surface 304 and the lens surface 301, then it is necessary 
to make each lens surface comply with design tolerances. In addition, it is necessary, in this 
situation where each lens surface has optical power, to ensure that the mechanical position of 
the lenses is within tolerances in all translation and tilt axes with respect to each other. If the 
lens surfaces were to have positional errors, the performance of the lens 304 is reduced. By 
making the lens surface 301 substantially flat, these potential problems are reduced or 
eliminated. The flat surface 301 therefore does not have cross positional tolerances, with 
respect to the port or optical axis, because it has no optical power. If the flat surface 301 does 
include errors along the optical axis, which is typically normal to the flat surface 301, then 
compensation for this error can be made by slightly defocusing the source without incurring 
significant aberrations. 

[00291 The port 300 is used to couple a source to a receiver. For example, the port 300 may 
be used to couple a light source such as a VCSEL with a receiver such as an optical fiber. 
Using this example, the port 300 can be comiected or coupled with an optical fiber using the 
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fiber access 308 which is formed by the fiber guide 312. The optical fiber is inserted into the 
fiber access 308. A fiber stop 302 is included in the port 300 to ensure that the fiber is not 
inserted in the port 300 too far and to properly position the fiber with respect to the flat surface 
301 of the lens 304. The fiber guide 312 thus sunounds a portion of the optical fiber. It is 
understood that the port 300 can have other mechanical configurations that permit the port to be 
connected with the light source and the receiver. In each case, the flat surface 301 is properly 
positioned with respect to the optical fiber. 

100301 The lens surface 306 is typically located within the port access 310. which is formed 
by source guide 312. The source guide 312 is typically configured to comiect with a source 
such that the source is appropriately placed near the lens 304. The area between the focusing 
lens surface 306 and the flat lens surface 301 is typically filled with molding material. The area 
314 is also filled with molding material to enhance the mechanical stability of the lens without 
much absorption and scattering penalty. 

100311 Figure 4 is a block diagram that illustrates an example of a lens 400 that may be 
formed as an integral part of the port 300 illustrated in Fi^e 3. TKe lens 400 includes a body 
406. A nat lens surface 401 without optical power is formed at one end of the body 406 of the 
lens 400 while the focusmg lens surface 403 of the lens 400 is curved and has optical power. A 
source 402. which may be a VCSEL, is illustrated in Figure 4 and the light emitted by the 
source 402 is being coupled to an optical fiber 404 by the lens 400. It is understood U>at Figure 
4 is illustrative in nature and is not drawn to scale. 

100321 The light source 402 emits rays of light and the rays 408 are high angle rays and 
typically carry more power than the low angle rays 410 as described in Figures 1 and 2. In 
order to efficiently couple the source 402 to the fiber 404, the high angle rays must be properly 
directed or focused on the fiber 404. The length 405 of the lens 400 is related to the 
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magnification of the lens 400 and the lens surface 403 is an example of focusing means for 
focusing light from a source onto a receiver. 

[00331 The fiber 404 has a numerical aperture that determines which light rays are accepted 
into and transmitted by the fiber 404. Rays that are incident to the fiber 404 at too steep of an 
angle, which is greater that the numerical aperture of the fiber 404. are lost. In this example, 
the rays 408 are within the numerical aperture of the fiber 404 and are effectively coupled. The 
lens 400, using the lens surface 403 and a magnification of 1.5 can couple, for example, a .3 
numerical aperture source to a .2 numerical aperture receiver. 

[00341 Figure 5 illustrates features of a lens that may be incorporated into a port. This 
illustration is intended as exemplary and the present invention is not limited to this example. 
The lens 500 has a diameter 502 of 2 millimeters and a clear aperture of 1.6 millimeters. The 
lens thickness 506 is 3.41 millimeters +/- 0.01 millimeter. TTie surface accuracy of the focusing 
lens surface 510 has less than 0.3 micron sag error over the clear aperture of the lens and less 
than 0.2 micron local surface errors. The lens surface should not have visible scratches, digs, 
or bubbles under a 20x microscope. The centricity of the lens is +/- 25 microns and the tilt is 
+/- 1 degree. 

[00351 These tolerances are exemplary in nature and help ensure that the lens is capable of 
effectively coupling a light source to a receiver. A significant advantage of this lens, as is 
illustrated in Figures 6A and 6B below, is that reflections of the image back to the source are 
reduced or eliminated because the lens introduces aberrations without sacrificing the ability of 
the lens to effectively couple light. The present invention is, therefore, not limited to these 
tolerances or to this specific design, but extends to all lens or ports that reduce reflections back 
to the light source. 



. Page 12 - 



Docket No. 15436.56.1 



[0036] For this example of the focusing lens surface, c = 1.4265 and k - -1.292. The 
following table is a sag table that defines the lens surface. All numbers are in millimeters. The 
I y coordinate is 0 at the center of the lens. 
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0.000000e^-000 
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5.000000e-002 


1.782537e-003 


l.OOOOOOe-001 


7.1222366-003 


1.500000e-001 


1.599554e-002 


2.000000e-001 


2.8363756-002 


2.500000e-001 


4.4173886-002 


3.000000e-001 


6.335972e-002 


3.500000e-001 


8.5843216-002 


4.000000e-001 


1.1153596-001 


4.500000e-001 


1.4034046-001 


5.000000e-001 


1.7215256-001 


5.500000e-001 


2.0686206-001 


6.0000006-001 


2.443550e-001 


6.500000e-001 


2.8451516-001 


7.0000006-001 


3.2722446-001 


7.5000006-001 


3.723653e-001 


8.0000006-001 


4.1982126-001 
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100371 Figure 6A and 6B illustrate how the lens described above focuses a source on a fiber. 
Figure 6A represents the light source and Figure 6B illustrates the image of the source on the 
receiver or optical fiber. In this example, the points 601. 602, 603, 604, and 605 are selected at 
the source 600. If the lens focuses these source points on the receiver, then the image would be 
points as well. The lens described herein, however, introduces aberrations or slightly defocuses 
the points 601-605. The image is represented on the receiver 610 as images 611, 612, 613, 614, 
and 615. Hie image 611 is from the point 601, the image 612 is from the point 602, the image 
613 is from the point 603, the image 614 is from the point 604, and the image 615 is from the 
pomt 605. TTie unages 611, 612, 613, 614, and 615 are aberrated or slightly defocused. 
However, the aberrated images are within and envelope 616 that permits effective coupling 
withihe optical fiber. The aberrated images have good contaimnent and are sufficiently far 
away from the edges of the fiber. 

(00381 By introduoing tee aberrations into the lens, the lens or the port is still able to 
effectively couple the sou«=e to the receiver, but reflections fix,m the image back to the source 
are reduced or eliminated. The spots or the images formed on the receiver are affected, for 
instance, by the magnification of the lens and by the aberration introduced by the lens. 
10O391 ta other words, the images of the selected pomts are spots. In this example where the 
optical fiber has a diameter of approximately 60 microns, the spots have a diameter of 
approximately 10 microns. The high angle rays are coupled by the pott and reflection of the 
image back to the source is reduced or eliminated by the aberrations introduced by the lens of 
the port. 

100401 Figure 7 illustrates a transform fimction of the lens described herein. The line 700 
illustrates the transfer fimction in terms of spatial frequency in cycles per millimeter at a 
diffraction limit with no aberration. The lines 702, 704. and 706 iUusfrate the transfer fimction 
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be embodied in other specific fonns without departing 



I with various abem>tions. Figu« 7 illustrates how the infonnation is translated with respect to 
frequency. The aberrations i„t™luced by the lens reduces feedback while pennitting the laser 

light to be coupled. 
[00411 The present invention may 

ftom its spirit or essential characteristics. The described embodiments are to be considered in 
all respects only as illustrative and not restrictive. The scope of the invention is. therefore. 
, indicated by the appended claims rather than by the foregoing description. All changes which 
come within the meaning and range of equivalency of the claims are to be embraced within 



I their scope. 
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